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FOREWORD

The Apollo FD-5 model tests were conducted
under NASA Apollo Contract NAS9-150, Exhibit I,

Paragraph 5.5, from 18 April 1963 to 25 April 1963
in the AEDC VKF Tunnel A,

This report was prepared by C, E, Mitchell and
C. L. Berthold of the Wind Tunnel Projects Group,
Los Angeles Division of North American Aviation.

- i - RS

SID 64-1015




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CONED-

ABSTRACT

Dynamic stability data are presented in both
tabular and plotted form for wind tunnel tests on
Apollo models (FD-5) of the launch escape vehicle
(0.059-scale) and command module entry (0,050~
scale) configurations at Mach numbers from 1. 50
to 6.00. The data were obtained while the models
were allowed to oscillate freely in the range of
their respective trim angles. Each configuration
was tested with command module strakes on and
off and with oscillation centers located at several
center of gravity positions.

Tunnel operating conditions, configuration
description, computation equations, and typical
model and installation photographs are also
included.
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INTRODUCTION

Apollo FD-5 dynamic stability tests were conducted, utilizing the free
oscillation technique, at the von Karman Gas Dynamics Facility (VKF) of
the Arnold Engineering Development Center (AEDC) in the 40-inch super-
sonic tunnel A. This investigation was made to evaluate the dynamic
stability characteristics, at large oscillation amplitudes (approximately
*15 degrees), of the command module entry and launch escape vehicle (LEV)
configurations in the Mach number range from 1. 50 to 6.00,

The configuration incorporated strakes on the command module for
both the entry and launch escape vehicles, but.additional investigations were
made without strakes at oscillation centers other than the design center of
gravity., The escape vehicle was also tested without strakes at an oscilla-
tion center on the model axis of symmetry immediately above the design
center of gravity to simulate a yawing condition, These investigations were
made in the region of the proposed trim angle for each configuration.

To obtain frequency effects, a majority of the configurations were run
at high and low dynamic pressures for each Mach number. Reynolds
numbers, based on the maximum model diameter, ranged from 0. 31 x 106
to 3.56 x 10° with the 0.050-scale command module and from 0. 36 x 10° to
5.28 x 10° with the 0,059-scale LEV.

1 SONADENLL b
SID 64-1015




CONMBENIRE

NORTH AMERICAN AVIATION. INC. /@ SPACE and INFORMATION SYSTEMS DIVISION

I, DISCUSSION

The primary objectives of these tests were to evaluate the dynamic

stability characteristics of the LEV (Figures 1 and 2) and command module

TR Y g
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(Figure 3) configurations at large oscillation amplitudes about their respec -

tive trim angles and to determine the effects of command module strakes
and center of gravity position at supersonic speeds,

Several techniques are currently available for obtaining dynamic
stability derivatives of models in wind tunnels., This test was conducted
using the free oscillation technique in which damping-in-pitch derivatives
were computed from angle of attack versus time history records of the
models as they oscillated freely in pitch near proposed trim attitudes.

Two distinct large amplitude (+20 degrees) free oscillation balance
systems were used in the present test program (Figures 4 and 5)., Each
was equipped with a displacing-releasing mechanism which allowed the
model to be released at any intermediate angle of attack, The angular
transducers used with each system were of the variable reluctance type
which produce an analog signal proportional to the angular displacement
of the model yet require no physical connection between the moving and
stationary parts of the balance.

The mechanical bearing balance system (Figure 6) which was used
with all LEV configurations was designed and constructed by NAA and

provided a pivot consisting of two instrument-type ball bearings which were

each capable of supporting a 250 pound radial load. The model displacing
mechanism consisted of two automated servos to position and release the
model and a third servo which was used to arrest the model motion. When

the top slide plate was moved to the forward position, the bottom slide

plate and associated rack gear was driven fore or aft to position the model,

A model release was obtained by activating a servo to move the top slide
plate to the retracted position, thus disengaging the drive gear and gear
plate. The third servo, which activated the cam, was used to arrest the
model should a divergent oscillation have occurred and to position the
model to re-engage the gears.

The basic gas bearing balance system (Figure 7) which was used with

all command module entry configurations was provided by AEDC and

consisted of a cylindrical, gas journal bearing with inherent orifice com-

pensation, The balance displacement mechanism, as provided by NAA,

- -3 - AONRRENTM
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consisted of a manually operated system of two flex shafts attached to
push-pull rods which were retained in buckets located on the model sector.
When the model was positioned at the desired angle, it was locked in place
by the brake and the flex shafts were retracted. After releasing the model,
the brake could be used to arrest the model and re-engage the flex shafts.

Plotted and tabulated data are presented in Appendixes A and B in the
form of damping-in-pitch coefficients (Cmq + Cmyg,)-

-4 <OONRLDEINTA
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II. COMMAND MODULE AND LAUNCH ESCAPE VEHICLE MODELS

MODEL NOMENCLATURE

Symbol Description Drawing No. Figure No.
Eg3, T, Total LEV configuration 7121-01121 8
C41s and Log (with strakes)

E¢s Escape motor 7121-01121 9
(length = 279,61 in.,
34° flared skirt)
Ty Tower structure 7121-01121 10
(length = 114,63 in.) 7121-01075
Cyqj Command module 7121-01121 11
(maximum diameter =
‘ 154 in., apex altered
to correctly position
balance)
Lrg Spoiler or strake 7121-01121 11
7121-01122
C2 Command module 7121-01122 12
(maximum diameter =
154 in.)

MODEL DESCRIPTIONS

The FD-5 models consisted of a 0.050~-scale command module entry
vehicle and a 0.059-scale command module with attached launch escape
system. These models were constructed of lightweight materials, to
reduce the moment-of-inertia, whenever consistent with the structural
integrity. The command modules were constructed of aluminum alloy
(7075-T6), the escape tower was constructed of Armco steel (17-4PH CRES),
and the escape rocket was constructed of aluminum alloy (7075-T6) and
magnesium alloy (QQ-M-31). All configurations had removable command
module strakes of aluminum alloy (7075-T6).

-5 - OOy
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The entry model had a sting slot cutout to allow a free oscillation of
+10 degrees from its neutral position (@ = 147 degrees), but this slot was
enlarged at AEDC to obtain larger oscillations (approximately *15 degrees).
A cable operated manual lock-out and positioning system was incorporated

in the gas-bearing mounting bracket.

This system employed a brake shoe

device for stopping and locking the model, and a flex-shaft push rod device

for positioning the model to a predetermined angle of attack,

The weight

of the sector, on which the brake shoe engaged to stop and lock the model,
presented model balancing problems; therefore, a new sector was con-
structed of magnesium alloy just prior to testing (Figures 13 and 14).

The apex of the command module for the LEV configuration was
modified within the confines of the tower legs to allow the oscillation center

of the balance to be correctly positioned on the different center of gravity
locations., This model locked out in its neutral position at 0 degree angle
of attack and the sting slot cutout allowed a free oscillation of £20 degrees

from this position,

The model lock~out and positioning system was incor-

porated in the ball-bearing mount and bracket assembly and was actuated

by drive motors located on the aft sting adapter,

This system employed a

rack-gear, spur-gear positioning device and a 90 degree rotation cam and
guide for snubbing the model and locking it in its neutral position (Figures

15 and 16).

All configurations were dynamically balanced at AEDC. The LEV
configurations were balanced for three available oscillation centers and
the command module configurations were balanced for two available

oscillation centers.

Model moments of inertia for the Apollo FD-5 configurations tested

are listed below:

0.059-Scale Launch Escape Vehicle

Moment of Inertia

Strakes Center of Gravity I (Slug - £t2)
On Design 0.0606
Off Design 0.0640
Off Alternate 0.0499
Off Center-line 0.0440

SID 64-1015
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GNP

0,050-8cale Command Module

- o g W‘W ~ e
P ~

Moment of Inertia
Strakes Center of Gravity I (Slug - £t2)
On Design 0.0661
Off Design 0.0705
Off Alternate 0.0507
FULL SCALE DIMENSIONS
Escape Motor, E.3
Total length 279.61 i
Diameter 26,00 i
Nose radius 2.00 i
Nose included angle 30.00
Skirt base diameter 52,73 i
Skirt flare angle 34.00
Diameter of ring forward of skirt 29.00 i
Rocket nozzles (4), distance apex from base 17.97 i
Jettison nozzles (2), distance apex from nose 76.15 i
Tower, T23
Total length 114,63
Diameter of longitudinal members (4) 3.51
Diameter of cross braces {lower 4) 3.51
Diameter of cross braces (upper 4) 2.51
Diameter of diagonal braces (20) 2.51
Circular truss:
Diameter of material 2.51
Diameter of circle 23,00
Distance between attach points at command module:
Horizontal plane 50. 66
Vertical plane 46.85
Distance between attach points at base of rocket 36.07
Command Module, C,
Maximum diameter 154,00
Radius of spherical blunt end 184,80 i
Corner radius 7.70

”’:; S S estLe YW TE
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Nose cone vertex half-angle 33.00 deg
Nose cone vertex radius 9.15 in,
Frontal area 129, 35 ft2

Command Module, Cy4,

Same as C, except that the vertex area within the
confines of the tower structure has been altered to
accommodate the AEDC ball-bearing pivot.

Spoilers or Strakes, Ljg

L.E. location, aft of command module apex 29.27 in,
T. E. location, aft of command module apex 109.24 in,
Length along module surface 95. 36 in.
Maximum height above module 12,00 in,
Thickness 1. 58 in,

CENTER OF GRAVITY LOCATIONS

Configuration Design Alternate Centerline
Entry (x) 97. 36 105. 60
(2) 8.74 9.08
Launch escape (X) 32.05 48.63 32.0%
(z) 5.69 6.80 0.00

Note: X = longitudinal distance from command module apex to the
center of gravity, -inches

vertical distance from command module axis to the center

N1
n

of gravity, inches

' 8- ~SANEDENRLL
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III. TEST PROCEDURE

TEST NOMENCLATURE

A Reference area (based on maximum model diameter), ft
Cm Pitching-moment coefficient, pitching moment/quAd
Cm 3Cm/3(qd/2Vw)
q Damping-in-pitch derivatives, 1/rad
Cm; acm/a(xd/sz)
C,YR Cycles to damp to a given amplitude ratio R, cycles
d Reference length (maximum model diameter), ft
f Frequency of oscillation, cycles/sec
. I Model moment of inertia about the pivot axis, slug-ft2
L. Natural logarithm
Mg Free-stream Mach number
My Angular restoring moment parameter, ft-1b/rad
Mo Angular viscous damping moment parameter, ﬁ:;l;lﬁe_c
Ma Aerodynamic angular viscous damping moment parameter,
ft-1b sec
rad
q Pitching velocity, rad/sec
Ao Free-stream dynamic pressure, 1b/f’c2
R Ratio of the amplitude of a damped oscillation after a
given number of cycles to the initial amplitude
Re Reynolds number based on maximum model diameter

‘ t Time, sec
— - -9 - QONRIDEN g
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Ve Free-stream velocity, ft/sec
x Angle of attack, rad or deg
T Trim angle, deg
x Time rate of change of angle of attack, rad/sec
0 Angular displacement from trim angle, rad or deg
0. Angular velocity, rad/sec
.0. Angular acceleration, rad/sec?
@ Angular frequency, rad/sec
md/ZVw Reduced frequency parameter, rad
SUBSCRIPTS
o Maximum conditions
s Structural conditions
w Wind-on conditions

MODEL INSTALLATION

The command module configurations were installed on the AEDC
sting-supported gas-bearing pivot incorporating an integral angular trans-
ducer. The gas-bearing mounting bracket and an intermediate sting section
to accept the bracket were furnished by NAA. This sting section in turn
attached to the AEDC adapter 3301525 B which was modified to accommodate
the model lock-out and positioning devices.

The LEV configurations were installed on the NAA ball-bearing pivot
and bracket assembly. This in turn adapted to the tunnel A sector via the
above sting arrangement (Figure 17).

For the command module, cables were used to manually position,
release, and lock-out the model. The LEV had an automatic lock-out and
positioning system actuated via drive motors mounted on the aft sting
section (AEDC adapter 3301525 B).

- 10 - ~OONEIBENTIAL

SID 64-1015




NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

INSTRUMENTATION

Instrumentation consisted primarily of variable reluctance angular
transducers incorporated in the gas-bearing and ball-bearing pivot mounts.
These transducers gave a continuous time history of the models oscillatory
motion as an analog signal. This signal was amplified (CEC carrier ampli-
fier) and recorded on magnetic tape (Ampex 7-channel tape recorder). This
signal was simultaneously fed to a direct-writing oscillograph (Visicorder)
to provide a means of monitoring the motion of the model and for use as a
back-up data system,

The displacing and lock-out mechanisms for the LEV model were
instrumented with monitoring devices since they were remotely actuated
through drive motors,

Schlieren motion pictures were taken and are on file, but because of
the complexities involved in switching cameras no schlieren stills were
taken. '

DATA REDUCTION AND CONSTANTS

With the free oscillation technique the external restoring moment
(balance tare damping) can be minimized or almost eliminated depending on
the type of pivot employed. A gas bearing is particularly desireable since
its tare damping can be considered negligible. This type pivot was used in
the command module but could not be used in the launch escape vehicle due
to the space restrictions imposed by the model at the pivot axis location,

The equation of motion for a free oscillation, one-degree-of-freedom
system may be expressed as:

19-Mjh - Mgh =0

The method for computing the dimensionless damping-in-pitch derivatives
from the free oscillation tests is indicated as follows:

0=0,e -(-Mg/21)t sin ¥-Mg/It

. 2Iflh R
é-"7¢c,
YR
. ' - Ml - M.
Mg 0, - Mo,
. 2
cmq + Cma = Mg' 2 Vq/qAd

- - D
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The preceding linear theory can be applied to a non-linear system, such
as the systems encountered in the present tests, when the data are reduced
over an amplitude range for which the motion can be approximated as being
exponentially damped and where the frequency remains approximately
constant.

The test procedure was to displace the model from its trim attitude to
the desired angle of attack and release it. The resulting oscillatory signal
provided by the aforementioned angular transducer was recorded on a direct
writing oscillograph and on magnetic tape by a high speed digital converter.
Data was reduced from the magnetic tape on an IBM 7070 computer by a free-
oscillation data reduction program,

The oscillograph traces which described the oscillatory motion of the
command module indicated that both the motion and the damping were sym-
metrical about the trim attitude,

The motion of the launch escape vehicle was unsymmetrical about the
trim attitude and deviated considerably from the damped motion described
by the first equation. The damping coefficient (Mé '} varied with frequency
and the oscillation amplitude was unsymmetrical; i.e., the envelope curves
of the positive and negative peaks had different variations with time.
Therefore, a data reduction procedure was developed so that values of
damping could be obtained from the envelope curve of the positive and
negative peaks independently.

The following constants, presented in model scale, were used for the

test,
Configuration Scale Diameter (d) ft | Area (A) ft2
Command module 0.050 0.6417 0.3234
LEV 0.059 0.7572 0.4503

DATA ACCURACY

The angular transducers for each balance were calibrated by AEDC
personnel during bench tests both before and after each tunnel test period,
and check calibrations were made periodically during the runs to determine
if any changes in calibration factors had occurred. Transducer calibrations
were obtained through use of known displacements. Model displacements
were known within 0, 5 percent of the maximum value of the range through
which the parameter was calibrated.

The ball bearing balance used with the LEV model was calibrated to
obtain values of ball bearing tare damping. This tare damping was found
to vary with radial load, frequency of oscillation, and amplitude; therefore,

- 12 - ~SONRDENTHAL
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to obtain values of aerodynamic damping for the launch escape vehicle, the
tare damping values were corrected to the wind-on conditions before sub-
tracting them from the total values. It was not necessary to correct command
module data for tare damping because of the negligible level of the gas
bearing damping.

Considering the above uncertainties in each system, the estimated
maximum uncertainties in Cmq + Cm& are x£0.12 for the command module
and %0, 50 for the launch escape vehicle.

—a— - 13 - WO
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Tunnel Installation = Command Module - VKF Tunnel A

Figure 3.
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APPENDIX A
PLOTTED DATA
Damping-in-pitch versus amplitude of oscillation
(Cmq + Cmb vs 9)
COMMAND MODULE ENTRY CHARACTERISTICS
Design center of gravity, strakes on (M = 1.5, 2.0, 3.0, 4.0, 6.0)
Design center of gravity, strakes off (M = 1.5, 2,0)

Alternate center of gravity, strakes off (M = 3.0)

LAUNCH ESCAPE VEHICLE CHARACTERISTICS
Design center of gravity, strakes on (M = 1,5, 2.0, 3.0, 4.0)
Design center of gravity, strakes off (M = 1.5, 2,0, 3.0)
Alternate center of gravity, strakes off (M = 2.0, 3.0, 4.0)

Center-line center of gravity, strakes off (M = 1.5, 2.0, 3.0)
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APPENDIX B
TABULATED DATA
RUN INDEX
Run Center of Mach
No. Configuration Strakes Gravity Number | Rg x 10“6 Page
1 | Command module On Design 2.99 0.53 49
2 3.00 2.52 49
3 1.99 0.54 49
4 2.00 2.11 49
5 1.49 2.00 50
6 1.48 0.61 50
8 3.99 0.31 50
9 4.00 1.80 51
10 5.98 0.75 52
11 6.00 3.56 52
12 | Command module Off Design 2.00 3.26 54
13 1.49 3.15 54
14 | Command module Off Alternate 3.00 2.40 55
15 2.99 0.38 55
16 LEV On Design 2.99 0. 46 56
17 3.00 5.19 56
18 2.00 3.49 57
19 1.99 0.59 58
20 1.49 0.55 59
21 1.50 3.32 60
22 3.99 0. 36 62
23 4.00 4.97 63
24 | LEV Off Alternate | 1.99 0. 65 65
25 2.00 3.56 65
26 3.00 5.26 65
27 2.99 0.50 65
28 4.00 5.07 66
29 3.99 0.42 66
30 LEV Off Design 1.50 3.30 68
31 2.00 3.56 69
32 3.00 5.26 70
33 2.99 0.48 70
34 | LEV Off Center Line | 2. 99 0.49 73
35 3.00 5.28 74
36 2.00 3.55 74
37 1.50 3.40 75
: - 47 - NG
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DATA FORMAT

Item or

Column Heading Definition

Cmq + Cm.a 3Cm/8(qd/2Vw) + 3Cm/ 3(@d/2Ve)

Cm Pitching moment/qe Sd

d Model reference length (base diameter), ft

f Frequency of oscillation, cyc/sec

Meo Free-stream Mach number

q Pitching velocity, ft/sec

qeo Free-stream dynamic pressure, 1b/£t2

Re/ft Unit Reynolds number, 1/ft

S Base area, ft?

Veo Free-stream velocity, ft/sec

QT Model trim angle, degree

P Time rate of change of angle of attack, rad/sec
Model oscillation amplitude about the trim angle,
degree

w Model angular frequency, rad/sec

wd/2Ve Reduced frequency parameter, rad

BASE DIAMETER (d, feet)

Launch escape system 0.7572

Command module 0.6417

: 48 - CORFTI,
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’ Command Module, Design Center of Gravity, With Strakes
Re/ft Cmq+
Run Vo 9o My -6 f Cmeo (3} wd/2Ve at
x10 x(-1)
Unit
ft/sec | 1b/ft? Reynoldslcyc/sec| 1/rad |* deg| rad deg
Number
1 2036.2 99.590{ 2.99| 0.829 3.04 0.402 9.91 0.00300 | 147
3.03 0.381 9. 88 0.00299
3.03 0.387 7.57 0.00299
3.04 0.399 7.54 0.00300
3.03 0.393 5.77 0.00299
3.04 0.396 5. 69 0.00300
3.03 0.418 4,32 0.00299
3.04 0.384 4,32 0.00300
3.04 0.412 3.25 0.00300
3.03 | 0.448 3.17 0.00299
3.04 0.436 2.39 0.00300
3.03 | 0.433 2.31 0.00299
3.03 0.433 1,67 0.00299
‘ 2 12030.76i610.20 | 3.00] 3.918 8.190| 0.3839 ] 7.05 0.00813 ] 147
8.205| 0.3929| 6.73 0.00814
8.190] 0.3749] 5.30 0.00813
8.205( 0.3954 | 5.04 0.00814
8.190| 0.3959| 4.00 0.00813
8.205| 0.38591} 3.77 0.00814
8.190] 0.3809| 3.01 0.00813
8.205] 0,3899] 2.81 0.00814
3 1682.35|168.38 [ 1.99| 0.853 4,16 0.402 [10.72 0.00498 | 146
4,18 0.426 9,74 0.00500
4,14 0.401 7.95 0.00496
4,14 0.422 7.10 0.00496
4,10 0.401 5.88 0.00491
4,08 0.413 5.20 0.00488
4,04 0.414 4,31 0.00484
4.08 0.429 3.77 0.00488
4,04 0.470 3,23 0.00484
4.07 0.472 2.68 0.00487
4,05 0.518 2.51 0.00485
4 1685.50|646.80 [2.00| 3.29 8.08 0.371 7.56 0.00966 | 145
8.04 0.369 7.51 0.00961
7.96 0.409 4.34 0.00952
‘ 7.98 0.411 4,31 0.00943
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Command Module, Design Center of Gravity, With Strakes (Cont)

Re/ft Cmq+
Run Vo do Mo -6 f Cmo 0 wd/2Vw at
x10 x(-~1)
Unit
ft/sec | 1b/ft? Reynoldsicyc/sec| 1/rad | % deg rad deg
Number
4 1685.50(646,80 | 2.00| 3.29 7.81 0.450 2.77 0.00934 | 145
7.65 0.503 2.35 0.00914
5 1401,93(618.48 | 1.49| 3.11 10.01 0.719 6.321| 0.01439 | 146
10.03 0.543 6.034| 0.01442
10.02 0.598 5.484| 0.01441
10.05 0.470 4,859 0.01445
10.08 0.513 4,761 0.01449
10.13 0.622 4.,436] 0.01456
10.09 0.427 4.,412| 0.01451
10.11 0.478 4,030 0.01453
10,17 0.539 4,014} 0.01462
10.13 0. 566 3.586] 0.01456
10.20 0.590 3.559| 0.01466
10. 14 0.496 3,169 0.01458
10.21 0. 668 3,096 0.01468
10.16 0.315 2.904| 0.01461
6 1394.121187.57 | 1.48}] 0.949 5.41 0.371 6.988] 0.00782 | 148
5.41 0.399 6.500] 0.00782
5.42 0.454 6.151| 0.00783
5.42 0.491 5.818] 0.00783
5.42 0.428 5.460| 0.00783
5.42 0.452 5.168] 0.00783
5.42 0.480 4,875/ 0.00783
5.41 0.509 4,583 0.00782
5.40 0.608 4,258] 0.00780
5.39 0.592 3.933] 0.00779
5.38 0.639 3,640 0.00777
5.37 0.633 3.356] 0.00776
5.36 0.699 3.076] 0.00774
5.35 0.860 2.800| 0.00773
0.840 2.527
0. 847 2.260
0.865 2.036
8 [2224.07| 54.089|3.99| 0.478 2.32 0.290 |15.38 0.00210 146.5
0.253 |15.35
0.253 |14.36
- 50 - ~OONFIDEN T
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. Command Module, Design Center of Gravity, With Strakes (Cont)
Re/ft Cmq +
Run Vo 9w Mo -6 f Cma 6 wd/2Vw at
x10 x(_]_)
Unit
ft/sec | 1b/ft? Reynoldsicyc/sec| 1/rad | % deg rad deg
Number
8 [2224.07| 54.089|3.99] 0.478 2.32 0.272 |14.34 0.00210 |146.5
0.290 |[13,16
0.278 j12.89
0.278 [11.80
0.290 |11.77
2.3521 0.247 [10.64 0.00212
0.272 [10.55
0.278 9.59
0.259 9.50
0.259 8.62
0.266 8.55
0.303 7.71
0.290 7.65
. 0.284 | 6.87
0.272 6.83
0.309 6.10
0.284 6.10
0.315 5.41
0.303 5.40
0.309 4,717
0.290 4.71
0.327 4,22
0.309 4,21
0.296 3.70
0.296 | 3.70
0.284 3.27
0.303 3.26
0.290 2.88
0.284 2.86
0.253 2.58
0.296 2.51
0.266 2.22
9 [2233.56(319.71 |4.00} 2.80 5.78 0.326 [12.29 0.00521 |[147
0.320 (12.20
0.320 (10,72
‘ 0.328 1]10.43
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Command Module, Design Center of Gravity, With Strakes (Cont)

Cmqg+
Run Ve 9o Mo Re/ft6 £ Cn'?& e ’ wd/ 2V at
x10 x(-1)
Unit
ft/sec | 1b/ftl Reynoldslcyc/sec| 1/rad | + deg rad deg
Number
9 12233.56|319.71 |4.00f 2.80 5.78 | 0.326 8.86 0.00521 |147
0.323 8.70
0.323 7.26
0.323 6.83
0.327 5.69
0.323 5.36
0.330 4.45
0.326 4.20 v
0.323 3.47
0.327 3.29
0.330 2.72
0.319 2.58
0.326 2.13
0.327 2.03
10 |2434.21] 69,.898]5.98 1.182 2.675]10.277 [14.869| 0.00222 |144
2423.40 1.201 2.675| 0.255 13.43 0.00222
2434.21 1,182 2.71 0.303 312.92 0.00224
2423.40 1.201 2.71410.249 11.09 0.00225
2434.21 1.182 2.73 0.303 |10.43 0.00226
2423.40 1.201 2.73610.265 9.13 0.00227
2434.21 1.182 2.74 0.293 8.39 0.00227
2423.40 1.201 2.766 10,260 7.47 0.00229
2434.21 1.182 2.75 0.272 6.73 0.00228
2423.40 1.201 2.764 10,244 6. 14 0.00229
2434.21 1.182 2.76 |0.298 5.46 0.00229
2423.40 1.201 2.75410.280 5.01 0.00228
2434.21 1.182 2.77 [0.293 4.51 0.00229
2423.40 1.201 2.754 1 0.286 4.01 0.00228
2434.21 1.182 2.77 0.282 3.88 0.00229
2423.40 1.201 2.778 | 0.296 3.18 0.00230
2434.21 1.182 2.77 10.312 2.88 0.00229
2434.21 1.182 2.77 (0,272 2.46 0.00229
2434.21 1.182 2.77 10.282 2.09 0.00229
11 [2605.02 |411.38 |6.00| 5.555 6.71 |0.346 [2.30 0.00519 |144
6.73 [0.231 Q11.78 0.00520
6.75 |0.342 9.26 0.00522
6.76 |0.352 9.23 0.00523
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Command Module, Design Center of Gravity, With Strakes (Cont)

P

o o

@ SPACE and INFORMATION SYSTEMS DIVISION

LR S ... [P y

Re/ft Cmgq +
Run Vo do Mo -6 f Cma wd/2Vo at
x10 x(-1)
Unit
ft/sec | 1b/ft2 Reynoldsicyc/sec| 1/rad | % deg rad deg
Number
11 |12605,.02]411.38 | 6.00[ 5.555 6.78 0.334 6.71 0.00524 | 144
6.83 0.353 6.13 0.00528
6.80 0.344 4,68 0.00526
6.79 0. 340 4,08 0.00525
6.80 0.345 3.15 0.00526
6.83 0.363 2.70 0.00528
6.82 0.346 2.08 0.00512
S 53 OONEDENT
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Command Module, Design Center of Gravity, Without Strakes

Cmg+
Ran| v e | Mo Re/ft(:) c cde |l 6 lwd/eve | at
x10 x(-1)
Unit
ft/sec | 1b/ft? Reynoldsicyc/sec| 1l/rad |+ deg rad deg
Number
12 11688.74|644.2212.00] 3.262 6,26 0.413 110,73} 0.00747 138
6.30 0.385 ]110.24 | 0.00752
6. 32 0.364 8.24| 0.00754
6.29 0.372 7.81 0.00751
6.43 0.360 6.40 ] 0.00767
6. 55 0. 387 5.09 | 0.00782
6. 50 0.363 4,73 | 0.00775
6.53 0. 345 3.52 | 0.00779
6. 55 0.374 3.341 0.00782
6.53 0.326 2.66 | 0.00779
6.62 0.372 2.22 ] 0.00790
13 11401.93|624.6611.49| 3.148 9.24 1.713 5.1920 0.01328 143
1.770 5.15]
1.990 5.103
1. 166 3.798
1.089 | 2.90§
1.078 2.279
1.493 2.2017
0.861 1.801
0.992 1.753
0.683 1.480
- 54 - CONSDENS
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NORTH AMERICAN AVIATION, INC, @ SPACE and INFORMATION SYSTEMS ION

’ Command Module, Alternate Center of Gravity, Without Strakes
Re/ft Cmq +
Run Vo 9o My -6 f Cm o 0 wd/2Vaw at
x10 X(-l )
Unit
ft/sec | i1b/ft? Reynolds|cyc/sec| 1/rad |=* deg rad deg
Number

14 |2060.91|610.20 | 3.00| 3.743 | 10.00 | 0.3038 | 9.16 | 0.00978 | 148
0.3064 | 6,44
0.3009 | 6.44
0.3032 | 4.52
0.3016 | 4.00
0.3026 | 2.83
0.3036 | 2.48
15 [2053.13| 96.1042.99( 0.593 3,80 {0.295 [13.943| 0.00373 | 144
3.80 |0.292 [13.715{ 0.00373
3,78 |0.305 |12.708| 0.00391
3.83 {0.295 |11.408| 0.00376
3.82 |0.273 [11.310]| 0.00375
3.87 |0.263 [10.465| 0.00380
‘ 3.84 [0.279 | 8.515|0.00377

3.87 {0.295 | 8.458]|0.00380
3.87 |0.282 | 7.800] 0.00380
3.86 |0.266 | 6.403|0.00379
3.89 [0.289 | 6.240| 0.00382
3.87 [0.279 | 5.801| 0.00380
3.838 |0.279 | 4.794| 0.00381
3.89 |0.289 | 4.631(0.00382
3.87 |0.273 | 4.339]0.00380
3.90 {0.269 | 3.608|0.00383
3.91 |0.285 | 3.422]0.00384
3.87 |0.276 | 3.227|0.00380
3.91 |0.266 |2.688}0.00384
3.91 |0.276 |2.525|0.00384
3.87 |0.266 |2.519|0.00380
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P

Launch Escape Vehicle, Design Center of Gravity,
With Strakes

Re/ft Cmgq +
Run Vo do Mo 6 f Cma 0 wd/2Vow ot
x10~
Unit
ft/sec | 1b/ft% Reynoldsicyc/sec| 1/rad | deg rad deg
Number

16 {2035.8 |97.125 | 2.99| 0.6140 .51 |-1.377 |-13.68/0.002929 [4.843

2 0

2.52 1-1.366 |-12.720.002946
2.54 [-1.392 |-11.57/0.002966
2.53 [-1.180 [-10.82{0.002961
2.53 }|-1.372 -9.7110.002959
2.51 |-1.233 -9.17|0.002938
2.50 |-1.555 -8. 00| 0. 002920
2.49 |-1.490 -7.59{0.002911
2.53 |-1.540 -6.46|0. 002953
2.55 [-1.566 -6.12|0. 002976
2.63 1-0.835 -5.31{0. 003072
2.65 |-0.680 -5.04{0.003098
2.73 |-0.668 -4.49(0.003184
2.75 [-0.491 -4,31/0.003209
2.82 |-0.282 -3.86|0.003297
2.83 |-0.288 -3.73]0.003311
2.87 |+0.432 -3.44/{0. 003357
2.91 |-0.120 -3.26{0.003400
2.51 |-1.995 12.62]0. 002937
2.52 |-1.982 11.33]0.002948
2.54 1-1.994 10.11/0. 002968
2.54 |-1.717 9.12]|0.002964
2.53 |-1.790 8.07]0. 002952
2.51 |-1.580 7.37|0.002932
2.49 1-1.625 6.43/0.002914
2.49 |-1.320 5.96|0.002909
2.54 |-0.874 5.23|0.002971
2.56 |-0.807 4.90(0. 002994
2,66 [+0.035 4,22]0.003109
2.76 [40.012 3. 76{0. 003222
2.83 |+0.323 3.51|0.003305
2.84 |+0.006 3.33(0.003324

17 |2042 1086.7 | 3.00| 6.853 8.45 |-1.924 |-11.30{0.009844 |3.527

8.49 |-1.878 |-11.27(0.009892
8.49 |-2.051 -8.52(0.009890
8.51 [-2.179 -8.44(0. 009909
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FONTIDENT ool EXEETS
Launch Escape Vehicle, Design Center of Gravity,
With Strakes (Cont)
Re/ft Cmq +
Run Vo 9o Mo -6 f Cmeo ) wd/2Vo at
x10
Unit
ft/sec | 1b/fte Reynoldsicyc/sec| 1/rad | deg rad deg
Number
17 2042 1086.7 ] 3.00| 6.853 8.51 |-2.362 |-6.22]0.009915 [3.527
8.51 |[-2.438 |-6.08|0.009914
9.05 |-2.804 |-4.36]0.01054
8.94 |-2.307 [-4.33]0.01042
9.58 -1.859 [-3.23]10.01116
9.73 |[-1.255 |-3.00|0.01134
8.51 |-2.355 }10.17 | 0.009909
8.47 |-2.326 [10.12}0.009863
8.50 |[-2.503 7.19} 0.009897
8.47 |[-2.645 7.16 1 0.009872
8.55 |-1.899 5.20 | 0. 009954
8.57 [-2.102 5. 06 | 0. 009980
9.14 |-1.669 4.00 | 0.01065
9,27 -1.811 3.8110.01080
9.66 -1.499 3.19 | 0.01126
18 |[1694.8 919.8 | 2.00| 4. 604 7.98 |-1.628 |-6.96 |0.01120 [1.696
8.02 |-1.547 |-6.90|0.01125
8.82 |-1.110 |-5.62 |0.01238
8.86 |-1.258 |-5.55|0.01243
9.12 -1,004 |-4.80]0.01280
9.19 |-1.158 }-4.65]0.01290
9.35 |-1.003 |-4.14 |{0.01313
9.41 |-0.974 |-3.98 [ 0.01320
9.39 |-1.187 |-3.54 |0.01317
9.42 |-0.993 |-3.44 [0.01322
9.38 |-1.242 |-2.97 (0.01317
9. 43 -1.172 1-2.9410.01324
8.23 -2.304 | 8.40(0.01155
8.26 |-2.361 8.30 | 0.01159
8.93 [-1.728 | 6.23 |0.01253
8.96 -1.758 6.12 [0.01258
9.22 |-1.630 | 4.93 |0.01294
9.23 ([-1.771 4.80 {0.01296
9.42 |-1.350 | 3.85|0.01322
9.44 |-1.058 3.23|0.01325
9.43 [-1.182 3.18 | 0.01323
e - 57 ~CONPIDENTIAL
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L]

Launch Escape Vehicle, Design Center of Gravity,
With Strakes (Cont)
Cmgqg +
Run Vo g Mo Re/fté f Cn?c'r 6 wd/ 2V o at
x10
Unit
ft/sec | 1b/ft? Reynolds|cyc/sec| 1/rad deg rad deg
Number
18 |1694.8 [919.8 (2.00|4.604 9.40 -1.433 2.80] 0.01320 [1.696
9.42 -1.271 2.74| 0.01322
19 1686.9 |155.4 [1.99| 0.781 3.11 -1.178 | -9.43| 0.00439 [.999
3.21 -0,778 | -9.08| 0.00452
3.52 -0.800 | -7.93 | 0..00497
3.53 -0.733 | -7.89| 0.00497
3.69 -0.315 [ -7.07| 0. 00521
3.67 -0.336 | -7.05| 0.00518
3.78 -0.368 | -6.46 | 0.00533
3.77 -0.613 | -6.36| 0.00531
3.83 -0.550 | -5.82 | 0. 00541
3.82 -0.605 | -5.64 | 0.00539
3.87 -0.349 | -5.23 | 0. 00546
3.87 -0.375 | -5.03| 0. 00546
3.91 -0.151 | -4.77 | 0.00551
3.91 -0.230 | -4.56 ] 0. 00552
3.95 -0.275 | -4.14 ] 0. 00557
3.96 -0.209 | -3.951 0. 00559
3.97 -0.517 | -3.70| 0.00560
3.99 -0.415 | -3.55| 0. 00562
3.99 -0.689 [-3.23]0.00563
4. 00 -0.407 |-3.15| 0.00564
3.99 -0.607 |-2.79] 0.00563
4,00 |-1.027 [=-2.71]0.00564
3.15 -2.055 |12.87 | 0.00444
3.17 -2.354 |12.50( 0.00447
3.50 -1.504 9.85 | 0.00493
3.56 -1.354 9.45 | 0. 00501
3.66 -0.705 8.28 | 0.00517
3.71 -0.961 7.94 | 0. 00523
3.75 -0.934 7.24 1 0.00529
3.78 -0.556 6.96 | 0. 00534
3.82 -1.056 6.19 | 0. 00538
3.84 -1.086 6.06 | 0. 00542
3.87 -0.642 5.33 | 0. 00545
3.87 -0.452 5.26 | 0. 00546
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ek

Launch Escape Vehicle, Design Center of Gravity,
. With Strakes (Cont)
Re/ft Cmgq +
Run Vo do Mo -6 f Cma 2] wd/2Vo at
x10
Unit :
ft/sec | 1b/ft? Reynolds|cyc/sec| 1/rad | deg rad deg
Number
19 1686.9 [155.4 [1.99 |0.781 3.91 -0.500 4,72 | 0. 00551 []1.999
3.91 -0.484 4,70 | 0.00551
3.95 -0.515 4.24 | 0.00557
3.94 | -0.500 4,18 | 0.00556
3.97 -0.520 3.80( 0.00559
3.96 -0.636 3.67 | 0.00559
3.98 1-0.734 3.31 ) 0.00562
3.99 |-0.700 3.18 | 0. 00562
4,00 |-0.499 2.871 0.00564
3.99 |-0.632 2.74 | 0. 00563
20 1407.5 |173.2 |1.49 10.863 3.88 |-0.046 |-9.30]|0.00655 [1.872
4.00 |-0,.037 [-8.74]0.00676
4, 08 -0.016 |-8.25 | 0.00689
. 4,18 |+0.066 [-7.19 | 0.00706
4,26 [+0,079 |-6.49|0.00720
4.30 [+0.096 |-5.9110.00726
4.30 |+0,220 [-5.35]0.00726
4.36 [+0.269 |-4.91|0.00737
4,41 (4+0.340 |-4.53|0.00745
4.45 |+0.417 {-3.8310.00751
4.51 |+0.486 [-3.25|0.00762
4.48 [+0.539 |-2.98 |0.00757
3.88 |-0.281 |10.76 |0.00655
4,00 |-0.177 {10.12 | 0.00676
4.08 |[-0.184 9.36 | 0.00689
4,10 |-0.107 8.72 | 0.00693
4,18 1{-0.05 7.95 1 0.00706
4,26 -0.032 7.08 | 0.00720
4,30 [+0.059 6.32 | 0.00726
4.30 [+0.134 5.38 | 0.00726
4.36 |[+0.208 5.12 [ 0.00737
4.41 |[+0.267 4,65 | 0.00745
4.43 |+0.314 4,24 10.00749
4.45 |[+0.376 3.86 [0.00751
4.46 |+0,413 3.51 {0.00754
. 4.51 [+0.442 | 3.22 [0.00762
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Launch Escape Vehicle, Design Center of Gravity,
With Strakes (Cont)

SPACE and INFORMATION SYSTEMS DIVISION

Cmgq+
Run| Vg 9o Mo Re/fz f CIT?& 0 wd/2Vw at
x10
Unit
ft/sec | 1b/ft2 Reynoldsicyc/sec| 1/rad | deg rad deg
Number
20 |1407.5 |173.2 [1,49]0.863 4.4C | +0.499 | 2.91] 0.00757 |1.872
21 |1416.2 |883.5 [1.50(4.381 8.50 | -0.668 [-8.09]| 0.01427 2.484
9.04 |[-0.391 | -7.35|0.01518
9.27 -0.382 [ -6.80]| 0.01557
7.90 |-0.601 {-6.51|0.01327
9. 47 -0.344 | -6.36{ 0.01591
8.50 |-0.458 |-6.14| 0.01428
9.50 |-0.272 |-6.00| 0.01596
8.73 |[-0.444 |-5.88]0.01467
9.60 -0.126 |-5.75]0.01613
9.03 |-0.352 |-5.68|0.01516
9.06 [-0.330 |-5.45]0.01522
9.64 |[-0.750 |-5.33|0.01619
9.19 1-0.292 |[-5.32]0.01544
9.23 |-0.188 |-5.16|0.01551
9.31 |-0.385 |-4.98 | 0.01564
9.40 |-0.326 |-4.89|0.01579
9.70 |-0.334 |-4.86]0.01630
9.49 [-0.382 |-4.64|0.01594
9.73 |-0.233 (-4.60 |0.01635
9. 46 -0.366 |[-4.57 {0.01588
9.58 |-0.113 |-4.34 |0.01609
9.55 -0.341 |-4.33 ]0.01604
9.73 |-0.685 |-4.24 [0.01635
9.59 |-0.258 |[-4.15 |0.01611
9.64 |-0.192 |-4.09 |0.01620
9.85 [-0.364 |-3.87 |0.01654
9.68 |-0.525 |-3.86 |0.01625
9.73 |[-0.572 (-3.81 |0.01635
'9.71 [+0.004 |[-3.64 |0.01631
9.82 (-0.446 ([-3.59 [0.01649
9.73 |-0.103 (-3.54 [0.01635
9.75 |[-0.474 [-3.47 [0.01638
9.79 |[-0.273 |-3.38 [0.01644
9.98 |-0.776 |-3.24 [0.01676
9.80 |-0.270 [-3.23 |0.01646
- 60 -
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) Launch Escape Vehicle, Design Center of Gravity,
. With Strakes (Cont)
Re/ft Cmq +
Run| Ve 9w Mo <10-6 f Cma 0 wd/2Vo at
Unit
ft/sec 1b/ft2 Reynoldslcyc/sec| 1/rad deg rad deg
Number
21 1416.2 | 883.5 1.50] 4. 381 9.83 -0.210 | -3.20| 0.01651 |2.484
9. 80 -0.309 | -3.02 | 0.01646
9. 85 -0.493 | -3.00| 0.01654
9.94 -0.225 [-2.96| 0.01669
9. 87 -0.134 | -2.87| 0.01658
8.17 -1.413 j12.05| 0.01372
8.91 -0. 744 9.95( 0.01497
9.15 -0.193 9.13 ] 0.01536
8.18 -1.298 9.07 ] 0.01373
9.25 -0.315 8.69 | 0.01554
9.42 -0. 491 8.10] 0.01583
8.81 ~0.533 7.68 | 0.01480
9.49 -0.115 7.65 [ 0.01594
’ 9.59 -0.470 7.25(0.01611
9.11 -0. 458 7.03]0.01531
9.16 -0. 353 6.82 { 0.01539
9.62 -0.582 6.6510.01615
9.29 -0.596 6.43 1 0.01561
9.29 -0.363 6.39 | 0.01560
9.69 -0.292 6.17 | 0.01627
9.40 -0. 146 6.00|0.01578
9.45 -0.541 5.90 [ 0.01587
9.72 -0.289 5.84 [ 0.01633
9.50 -0.503 5.651{0.01595
9,75 -0.485 5.46 | 0.01638
9. 54 -0. 485 5.44 | 0.01602
9.57 -0.126 5.31 [0.01608
9.61 -0.362 5.08 | 0.01614
9.81 -0.391 5.06 | 0.01648
9.61 -0.447 5.02 | 0.01615
9.70 -0.408 4,74 10.01630
9. 81 -0. 348 4.73 [0.01648
9.70 -0.234 4.71 [0.01629
9.70 -0.137 4.51 ]0.01629
9.75 -0. 383 4.41 | 0.01638
‘ 9.92 |-0.700 | 4.34 |0.01666
o O - 61 - mONPIDENTAT
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eel“ "’E"Il”t ' .
Launch Escape Vehicle, Design Center of Gravity,
With Strakes (Cont)

Re/ft Cmgq +
Run Vo 9o Mo 6 i Cma 6 wd/2Voe ot
x10°
Unit
ft/sec | 1b/ft® Reynoldslcyc/sec| 1/rad | deg rad deg
Number

. 01636 [2.486
. 01646
. 01645
. 01672
. 01653
. 01654
. 01678
. 01647
. 01657

21 | 1416.2 | 883.5 |1.50| 4. 381 .74 | -0.151 4.34 0
.80 | -0.189 4,16| 0
.79 |-0.404 4,10 0
.96 | -0.059 4.04 0
.84 |-0.268 3.96{ 0
.85 |~-0.251 3.85| 0
.99 | -0.455 3.83( 0
.80 |-0.162 3.77 0
.87 |-0.427 3.62 0
.88 [~0.154 3.61| 0. 01659
.06 |-0.289 3.58| 0. 01691
.90 |-0.221 3.45| 0. 01663
0
0
0
0
0
0
0
0
0
0

o

.88 |-0.405 3.38| 0. 01659
.10 |-0.475 3.33} 0. 01697
.90 [-0.074 3.31| 0. 01663
.21 -0. 015 3.14} 0.01715
.98 |-0.207 3.14| 0. 01677
.93 ]-0.604 3.09} 0. 01668
10.19 |[-0.049 3.03{ 0.01712
10.18 |+0.342 3.02;{ 0. 01709
10.25 |+0.057 3.03) 0.01721
10.23 [+0.105 3.00{ 0.01718
.98 |-0.682 2.86{ 0
.08 |-1.854 |-15,16|0
.08 |-1.786 |-15.09(0
08 |-1.832 |-15.08]0
.09 |-1.935 |-13.02|0.00224
.09 |-1.836 |-13.02]0.00224
.09 |[-1.922 |-12.96|0.00224

0

0

0

0

0

0

0

—

—
O O OO OYWO O WO O YOO OO0

. 01677
. 00223 B.773
. 00223
. 00223

22 | 2220.7 52.9 13.99{ 0.470

07 |-1.894 |-11.14]0.00222
.07 |-2.044 [-11.07 0.00222
.07 |-1.994 |-11.03] 0.00222
.04 |-2.046 -9.48| 0. 00218
.04 |-2.171 -9. 34 0, 00218
.03 |-2.268 -9.20 0.00218
.01 -1.750 -8. 06| 0. 00215

NIV DN DDDNDDND DN
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NORTH AMERICAN AVIATION, INC. |

SONFEBENHAL~

@

N

Launch Escape Vehicle, Design Center of Gravity,
With Strakes (Cont)

SPACE and INFORMATION SYSTEMS DIVISION

I A BRI rw's s Al

Re/ft Cmq +
Run Vo Qo Mo -6 f Cma () wd/2Ve at
x10
Unit
ft/sec ]b/ftz Reynolds|cyc/sec| 1/rad deg rad deg
Number
22 | 2220.7 | 52.9 |3.99] 0.470 2.00 -1.643 | -7.71]| 0.00214 B.773
2.00 -1.668 | -7.56| 0.00214
1.98 -1.652 | -6.57| 0.00212
1.98 -1.859 | -6.21 | 0.00212
1.97 -1.606 |-6.09| 0.00212
1.97 -1.169 | -5.17] 0.00212
1,97 -0.933 | -4.82 ] 0.00211
1.98 -0.883 | -4.75] 0.00212
1.95 |+0.236 |-4.,02| 0.00209
1.95 -0.149 | -3.80] 0.00209
2.08 -2.855 |13.73]0.00223
2.08 -2,756 |13.68 | 0.00223
2.08 -2.712 |13.62 {0.00223
2.09 -2.518 [11.29 | 0.00224
2.09 -2.684 [11.26 | 0.00224
2.09 -2.744 [11.19 | 0.00224
2.07 -2.315 9.3110.00222
2.07 -2.352 9.23]0.00221
2.07 -2.302 9.17 | 0.00221
2.03 -1.695 7.7710.00218
2.03 -1.705 7.67 | 0.00218
2.03 -1.745 7.52 | 0.00217
2.00 -1.372 6.53 | 0.00214
2.00 -1.240 6.27 | 0.00214
2.00 [-1.196 6.12 | 0.00214
1.98 -0.506 5.28 | 0.00212
1.98 -0, 685 5.01 10.00212
1.97 -0. 364 4.91 {0.00211
1.97 |+0.393 4,22 10.00212
1.97 |+0.655 3.96 |0.00211
1.97 [+0.672 3.90 | 0.00212
1.95 [|+1.054 3.30 }0.00209
1.94 [+1. 057 3.20 {0.00208
23 2269.9 | 789.2 |[4.00| 6.566 |8.07 -1.869 [-13.95|0.00846 |[3.626
8. 09 -1.723 13.66|0. 00847
8.18 -1.613 11.73{0.00857
— e - 63 - mOONEIDEN i
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NORTH AMERICAN AVIATION, INC. SPACE and INFORMATION SYSTEMS DIVISION

T

SSHI lBE““l lt Launch Escape Vehicle, Design Center of Gravity, |
With Strakes (Cont)

Re/ft Cmqg+
x10~
Unit
ft/sec | 1b/ft? Reynoldslcyc/sec| 1l/rad | deg rad deg
Number

23 | 2269.9 | 789.2 |4.00| 6.566 8.16 |-1.741 |-11.50| 0.00855 B.626
8.06 | -1.779 |-10.40| 0.00845
8.12 |-1.935 | -9.86| 0.00850
8.08 |-1.930 | -9.60| 0.00847
8.15 | -1.608 | -8.78| 0.00854
7.93 |-2.125 | -8.06 | 0.00831
7.89 |[-2.181 | -7.82 | 0.00827
8.10 |[-~1.899 | -7.37 ) 0.00849
7.58 |-2.251 | -6.42| 0.00794
7.48 |-2.520 | -6.13|0.00784
7.89 |-2.007 | -6.03|0.00827
7.53 |-2.360 | -4.79 | 0.00789
7.25 |-3.932 | -4.66| 0.00760
7.26 |=3.727 | -4.41|0.00761
7.22 |-3.528 | -3.49| 0.00756
7.86 |-3.896 | -3.07]0.,00824
7.91 -3.452 | -3.00| 0,00829
8.10 |-2.571 |11.36 | 0.00848
8.11 |-2.504 |11.05|0.00850
8.17 [-2.417 8.92 | 0. 00857
8.17 |-2.552 8.66 | 0. 00856

8.09 ([-2.511 8.49 | 0. 00848
8.07 |-2.505 7.02 | 0. 00846
8.04 |-2.645 6.74 | 0. 00842
8.16 |-2.514 6.63 | 0. 00855
7.88 |-2.412 5.47 10.00825
7.82 |-2.509 5.21 | 0.00819
8.05 |-2.498 5.17 1 0.00843
7.45 [-2.319 4.24 | 0. 00780
7.84 |-2.466 4.01 | 0. 00822
7.34 |-2.390 4.00 | 0. 00769
7.30 |-2.172 3.28 | 0. 00765
7.36 .]-1.938 3.11 | 0. 00772
7.39 |-2.387 3.07 | 0.00774
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NORTH AMERICAN AVIATION, INC. \ @ SPACE and INFORMATION SYSTEMS DIVISION

SONADENTHR- o e o et

Launch Escape Vehicle, Alternate Center of Gravity, *
Without Strakes

Re/ft Crmaq ¥
Run Vo dw Mo -6 f Cma 6 wd/ 2V o at
x10
Unit
ft/ sec lb/ﬁ; Reynoldsjcyc/sec| 1/rad deg rad deg
Number

24 |1671.1 [ 165.8 [1.99] 0.855 2.99 |-0.267 |=-3.75
2.98 | -0.363 | -3.67
3.31 -0.599 | -3.04
3.37 | -0.506 |-2.88
3.07 |-1.581 5.54
3.05 |-1.777 5.42
3.34 |-1.351 3.96
3.41 | -1.235 3.67
3.54 | -0.651 3.05
25 |1686.9 [927.5 |2.00]| 4.704 7.53 |-0.776 |-4.45
7.59 |-0.888 |-4.37
8.53 [-0.933 |-3.65
8.54 |-0.985 |-3.53
‘ 8.82 [|-1.191 [-2.93

8.82 |-1.082 |-2.84
7.82 [-1.937 4.90

. 00426 [2.837
. 00425
. 00472
. 00480
. 00437
. 00434
. 00476
. 00485
. 00504
. 01062 [3.305
. 01070
. 01203
. 01204
. 01244
. 01243
.01103

7.82 |-1.925 4.78 10.01103
8.64 |-1.268 3.50 | 0.01218
8.63 |-1.569 3.3410.01217
8.84 |-1.312 2.70(0.01247

26 |2034.5 [1089.2 | 3.00] 6.946 6.71 -1.752 [-3.75]0.00785 Pp.557
6.75 |-1.751 [-3.73]0.00789
6.97 |-2.016 6. 08 | 0. 00815
7.00 |-2.045 5.9510.00819
7.51 -1.889 3.92 10.00878

7.52 [-1.713 3.88
.92 |-0.674 |[-5.31
.91 -G.074 |[-5.23
.15 |+0.388 |-4.03
.18 |+0.367 [-3.96
.31 [+0.965 |-3.34
.31 |+0.759 |[-3.30
.38 [+1.678 {-2.99
.41 [+1.591 |-2.83
.94 |-1.305 8. 09
. 1.95 }-1.388 7.95

MW«.;‘., g - 65 - m
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. 00880
. 00226 |5.907
. 00224
. 00253
. 00256
. 00271
. 00271
. 00280
. 00283
. 00228
. 00229

27 12024.4 |102.1 2.99| 0.656
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

Launch Escape Vehicle, Alternate Center of Gravity,
Without Strakes (Cont)

Re/ft Cmgq +
Run Vo 9o Mo 6 f Cm & 0 wd/2Voe ot
x10
Unit
ft/sec | 1b/fte Reynoldslcyc/sec| 1/rad | deg rad deg
Number
27 | 2024.4 | 102.1 |2.99| 0.656 2.18 -0.467 6.01| 0.00256 p.907
2.20 -0.444 5.87% 0.00259
2.32 +0. 254 4,86| 0.00273
2.32 | -0.072 4.78| 0.00272
2.39 +0. 347 4,15 0.00281
2.41 |+0.443 3.90| 0.00284
.46 |+0.858 3.48 | 0.00289
.46 | +1.009 3.29| 0. 00289
.50 | +0.986 2.961 0,00294
28 [2259.8 | 794.0 |4.00| 6.700 .65 -1.561 | -8.43| 0.00700 [4.621
.66 -1.660 | -8.41| 0.00702
.90 -1.857 | -6.54| 0.00726
.89 -1.892 | -6.47| 0.00726
.01 -2.286 | -4.86( 0.00738
.02 -2.321 | =4.79| 0.00739
.41 | -2.200 | -3.53]| 0.00780
.44 -2.462 | -3.42| 0.00783
.73 -2.338 7.721 0.00708
.73 -2, 344 7.67| 0.00708
-1.900 5.63| 0. 00727
.91 -1.967 5.57| 0.00728
.01 -1.689 4.301 0.00738

.02 |-1.700 4,23 0.00739
-1.367 3.41| 0.00801
.64 | -1.444 3.34 | 0. 00804
.00 |-1.442 2.79 | 0.00842
-1.100 2.77 | 0.00844
.84 |[-1.936 10,07 | 0.00195 [5.937
.87 {-1.424 (-8.03}0.00198
.87 [-1.502 |-8.001{0.00198
.99 |-1.339 |-6.201}0.00211
.00 |[-1.499 |-6.12]0.00212
.14 |-0.745 |-4.84 | 0.00227
.15 |-0.793 |-4.72|0.00227
2.27 |-0.544 [-3.84|0.00241
2.29 |-0.397 {-3.75] 0.00243

o
—

o
oo

29 (2244.3 65.1 [3.99| 0.558

NINNEFEMEIERQ@OOON~JJOooOoOO N~y 0oeDD D
O
p—

- 66 - “CONPIDTNTA:

SID 64-1015




NORTH AMERICAN AVIATION, INC. @@ SPACE and INFCRMATICN SYSTEMS DIVISION
COMNEBEN T e

' Launch Escape Vehicle, Alternate Center of Gravity,
Without Strakes (Cont)

Re/ft Cmgq +
Run Vo 9o Mo 10-6 f Cma 0 wd/2Ve at
X
Unit
ft/sec | 1b/ft2 Reynoldsicyc/sec| 1/rad | deg rad deg
Number

29 12244.3 | 65.1 |3.99{ 0.558 2.39 [+0.522 [-3.12]0.00254 [5.937
2.40 [+0.613 |-3.08|0.00255
1.85 |-2.391 7.87 [ 0.00196
1.84 |-2.185 7.68 1 0.00195
1.88 |-1.562 5.68 | 0.00199

1.88 |-1.396 | 5.62|0.00199
2.02 |-0.485 | 4.30/( 0.00214
2.01 [-0.476 | 4.27{0.00213
2.16 |-0.073 | 3.401| 0.00229
2.15 |-0.062 | 3.38|0.00228
2.31 |[+1.127 | 2.81 | 0.00245

2.29 |+1.211 2.80 | 0.00243

—— - 67 - =CONMDENT V-
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

Launch Escape Vehicle, Design Center of Gravity,
Without Strakes

Re/ft Cmq +
Run Vo Jdo Mo 6 f Cmeo (3} wd/ZVm ot
x10~
Unit
ft/sec | 1b/ft? Reynoldsicyc/sec| 1/rad | deg rad deg
Number

30 [1409.6 [868.0 | 1.50 4.359 | 7.94 | -0.758 | -9.00( 0.01341 (2.39§
7.96 | -0.586 | -8.88| 0.01343
8.74 | -0.417 | -8.08| 0.01475
8.73 | -0.735 [ -7.92] 0.01474
9.05 | -0.500 | -7.45[ 0.01528
9.29 | -0.243 | -6.96| 0.01569
9.31 -0.347 | -6.95| 0.01571
9.54 | -0.645 | -6.45| 0.01609
9.51 -0.606 | -6.27| 0.01605
9.69 |-0.725 [-5.80| 0.01636
9.74 | -0.415 | -5.61| 0.01644
9.76 |-0.496 |-5.25| 0.01647
9.82 |-0.486 |-5.19| 0.01658
9.85 |-0.317 |-4.83]0.01662
9.96 |-0.596 [-4.80| 0.01681
9.99 |-0.481 |-4.49| 0.01686
9.96 |-0.616 |-4.36{ 0.01681

10. 01 -0.468 | -4.14| 0.01688

10.09 |-0.456 |-3.98|0.01702

10.09 |[-0.862 |-3.7210.01702

10.23 |-0.467 [-3.670.01726

10.19 |-0.684 (-3.341]0.01720

10.14 |[-0.973 |-3.24|0.01711

10.37 |[-0.698 |-2.99]0.01750

10.29 |[-0.263 (-2.92|0.01737

8.18 |-1.600 |11.03 | 0.01381

8.17 |-1.431 |10.67(0.01379

8.79 |-0.828 9.02 | 0.01483

8.80 [-0.887 8.81 | 0.01485

9.19 |-0.929 7.87 | 0.01552

9.15 |-0.738 7.73 | 0.01545

9.35 [-0.779 6.87(0.01578

9.51 -0. 824 6.61 | 0.01605

9.52 [-0.789 6.08 | 0. 01607

9.69 |-0.667 5.74 | 0.01635

9.76 [-0.761 5.39|0.01647
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NCRTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIiVISION
ey S i

Launch Escape Vehicle, Design Center of Gravity,
Without Strakes (Cont)

Re/ft Cmq+ _
Run Vo 9w Mo x10-6 f Cmea 3] wd/2Vo at
Unit
ft/sec | 1b/ft? Reynoldslcyc/sec| 1/rad | deg rad deg
' Number
30 {1409.6 |868.0 1.50 4. 359 9.85 -0.707 5.01 ] 0.01662 [R.398
9.78 -0.892 4,76 | 0.01651
9.95 -0.799 4,46 | 0.01679
9.99 -0.924 4,15 ] 0.01685
10. 06 -0.975 3.91 ] 0.01698
9.99 -0.523 3.69{0,01686
10.13 -0.394 3.50{0.01710
10.13 -0.817 3.32 1 0.01710
10.23 -0.408 3.24 1 0.01727
10.25 ~0.018 3.07 10.01730
10.20 -0.285 3.02 [ 0.01721
10.40 -1.123 2.80(0.01755
31 |1686.9 |927.5 2.00| 4.704 8.16 -1.657 |[-9.47 |0.01150 R.369
8.98 -1.174 [-7.71]0.01266
8.16 -1.619 [-6.94 ] 0.01150
8.12 -1.616 |-6.89|0.01145
9.32 -1.321 |-6.51|0.01315
8.94 -1.338 |-5.58 | 0.01260
8.93 -1.401 |-5.52 |0.01260
9.51 -1.336 }-5.46|0.01341
9. 35 -1.198 |-4.67 |0.01319
9.48 -1.264 |-4.58 | 0.01336
9, 33 -1.351 |-4.56 {0.01316
9.50 -1.330 |-3.92 |0.01339
9.56 -1.655 |-=3.73|0.01349
9.52 -1.860 [-3.18 |0.01342
9.23 -2.332 |-3.06 }0.01301
9.52 -1.690 |-2.98 |0.01343
8.39 -2.598 9.85 [0.01183
8.39 -2.679 7.84 10.01183
8. 38 -2.663 7.7010,01182
9. 08 -2.017 7.16 [0.01280
9. 05 -2.190 5.59 |0,01277
9. 05 -2.131 5.51 [0.01276
9.41 -2.270 5.43 [ 0,01327
9.41 -1.864 4,22 |0,01327
N - 69 - TONMOENTRE
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION
COREIDEN AL :

Launch Escape Vehicle, Design Center of Gravity,
Without Strakes (Cont)

Re/ft Cmgq+t
Run Vo 9o Mo 6 f Cma 0 wd/2Vo at
x10~
Unit
ft/sec | 1b/ft? Reynolds|cyc/sec| 1/rad | deg rad deg
Number

31 | 1686.9 | 927.5 |2.00| 4.704 9.41 -2.144 4.20]| 0.01328 [2.369
9.50 |-1.970 4.13| 0.01340
9.51 |-1.973 3.28 | 0.01341
9.55 |-1.933 3.22 1 0.01347
32 |2032.6 {1086.7 [3.00| 6.950 8.27 |-2.138 8.38 ] 0.00968 |3.597
8.29 |-2.183 8.291] 0.00970
8.40 | -2,242 6.07 | 0.00983
8.40 |-2.527 [-6.06| 0.00983
8.63 |-2.969 [-4.260,01010
8.62 |-3.052 4.150.01009
9.39 |-2.572 2.94 | 0.01099
9.40 |-2.154 }|-2,90|0.01101
8.33 |-2.818 7.20 | 0.00975
8.32 ]-2.913 7.14 | 0.00974
8.42 |[-2.642 4,91 | 0.00985
8.39 [-2.785 4.79 | 0.00981
8.76 |-2.383 3.45 | 0.01025
8.79 [-2.324 3.34 | 0.01029
33 |2025.4 99.6 |2.99| 0.639 2.50 |-1.397 §13.00|0.00294 {.246
2.50 |[-1.371 [12.98 |0.00293
2.49 |-1.316 [12.91 |0.00292
2.55 |-1.353 }11.00(0.00300
2.54 |-1.343 }11.00 |0.00299
2.54 [-1.369 [10.95 |0.00298
2.56 [-1.323 }{-9.31 |0.00300
2.55 [-1.366 [-9.29 |0.00299
2.54 |-1.446 ([-9.21 [0.00299
2.55 |[-1.681 |-7.67 |0.00299
2.56 [-1.331 |-7.64 |0.00300
2.54 |-1.521 |-7.61 |0.00299
2.61 -1.341 [-6.26 |0.00306
2,62 |-1.568 |-6.20 |0.00307
2,63 |-1.313 |-6.18 {0.00309
2,72 |-1.117 ([-5.18 [0.00320
2.75 [-1.037 |-5.13 |0.00324
2.74 |-1.161 [-5.07 [0.00322
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Launch Escape Vehicle, Design Center of Gravity,
Without Strakes (Cont)

Re/ft Cmgq +
Run Vo Qo Mo -6 f Cma 0 wd/ 2V at
x10
Unit
ft/sec | 1b/ft2 Reynoldsicyc/sec| 1/rad | deg rad deg
Number
.33 2025.4| 99.6 2.99 0. 639 2, 84 -0.526] -4.38] 0.00334 K.246
2. 87 -0.554 | -4.36] 0.00338
2.86 -0.335] -4,31] 0.00336
2.93 +0.231] -3.87| 0.00344
2.95 -0.128| -3.81f 0.00347
2.93 +0.004 | -3.81] 0.00345
2.98 +0.436| -3.52] 0.00350
2.99 +0.282 | -3.411 0.00351
3.02 +0.520 | -3.39] 0.00355
3.03 +0, 347 -3.20] 0.00356
3.04 +0.693 | -3.12| 0.00357
3.06 +0,624 | -3.08| 0.00359
2.50 ~2.081 | 12.19] 0.00293
2.51 -2,256| 12.18] 0,00295
2.50 ~-2.125( 12.10| 0.00294
2.54 -2.101 9,72 0.00299
2.56 -2.090 9, 65| 0.00300
2.55 -2.178 9. 60] 0.00299
2.55 -1.709 7.74] 0.00300
2.54 -1.962 7.71} 0.00299
2.55 -1. 856 7.62] 0.00299
2.55 -1.544 6.15( 0.00299
2.56 -1.389 6.14] 0.00301
2.55 -1.689 6.08] 0.00299
2,63 -1.094 5.01] 0.00309
2,62 -0. 840 4,96 0.00308
2, 64 -0.930 4,.93| 0.00310
2.76 -0. 637 4,20} 0.00324
2,74 -0.590 4,19 0.00322
2.77 -0.591 4,16 0.00325
2,87 +0, 004 3.64| 0.00337
2,86 -0, 264 3.61] 0.00336
2. 89 -0.119 3.60| 0.00339
2.94 +0. 081 3.23| 0.00346
2.94 +0. 596 3,22 0.00345
2.96 +0.021 3.17| 0.00348
e ot ety - 71 -
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SOREISENTAL

Launch Escape Vehicle, Design Center of Gravity,

SPACE and INFORMATION SYSTEMS DIVISION

Without Strakes (Cont)

Re/ft Cmgq +
Run Vo Jdoo Mo 6 f Cmé& 0 wd/2Vw at
x10~
Unit
ft/sec | 1b/fte Reynolds|cyc/sec| 1/rad | deg rad deg
Number
33 {2025.4 99. 6 2.99( 0.639 2.99 +0.455| 2.93 0.00351 K.246
3,00 +0.622] 2.90 0.00352
3,03 40.776| 2.83 0.00355
- 72 -
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NORTH AMERICAN AVIATION, INC. @ SPACE and INFORMATION SYSTEMS DIVISION

CORRDEN e
Launch Escape Vehicle, Center Line of Gravity,
Without Strakes ’
Re/ft Cmq +
Run Vo 9o M -6 f Cma 0 wd/2Ve at
x10 x(-1)
Unit
ft/sec | 1b/ft? Reynolds|cyc/sec| 1/rad | * deg rad deg
Number
34 [{2018.7 99.6 |2.99| 0.646 2.91 |-1.954 |-16.76] 0.00343 }1.930
2.93 [-1.943 |-16.61] 0.00346
2.93 |-1.983 [-16.43] 0.00345
3.03 |-1.618 |-13.43] 0.00357
3.05 |-1.620 {-13.34 0.00360
3.04 |-1.670 |-13.12| 0.00358
3.08 |-1.401 |-10.99 0.00363
3.10 |-1.403 [-10.92} 0.00366
3,10 |-1.363 |-10.72| 0.00365
3,11 |-1.070 -9.10[ 0.00366
3.08 |-1.066 -8.97] 0.00363
3.09 }-0.909 -8.85( 0.00364
3.06 |-1.096 -7.801 0.00361
2.98 |-0.974 -7.34] 0.00351
2.99 [-0.909 -7.34{ 0.00352
2.89 |-0.801 -6.54] 0.00340
2.77 |-1.217 -5.96] 0.00326
2.73 |-1.621 -5.66] 0.00321
2.62 |-1.683 -4.99} 0.00308
2.50 |-1.810 -4,.38] 0.00294
2.44 |-1.948 -3.75| 0.00287
2.42 |-1.846 -3.16| 0,00285
2.39 |-1.730 -2.77 0,00281
2.92 |-2.249 14.35 0.00344
2.95 |-2.287 14.14] 0.00348
2.94 |-2.263 14.07] 0.00347
3.04 |-1.979 11.03] 0.00358
3.06 [-1.968 10.86| 0.00361
3.05 |-2.014 10.79} 0.00359
3,09 |-1.783 8.62] 0.00364
3,11 |-1.756 8.51| 0.00366
3.10 |-1.747 8.43] 0.00365
3.11 |-1.487 6.73] 0.00366
3.08 |[-1.386 6.66 0.00363
3,08 |-1.287 6.56 0.00364
3.05 |-1.606 5.42] 0.00359 .
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CON Ry \J i ‘
Launch Escape Vehicle, Center Line of Gravity,
'< Without Strakes (Cont)
Re/ft Cmq+
Run| Ve do | Mo 6 f Cma | o |«wd/2Ve | at
x10 x(=1)
Unit
ft/sec | 1b/fte Reynoldsicyc/sec| 1/rad |% deg rad deg
Number
34 12018.7 99.6 |[2.99| 0.646 2,96 | -1,404 5.071 0.00349 {1.930
2.97 | -1.352 5.0310.00350
2.86|-1.211 4.261 0.00337
2.73|-0.860 3.82 ] 0.00322
2.69 | -0.961 3.6210.00317
2.58 | -0.567 3.09] 0.00304
2.47 | -0.238 2.7510.00291
35 [2030.7 |1086.7 |3.00] 6.969 9.96 | -2.216 |-13,15(10,01167 2,144
10,04 | -2.249 |-12.95]0.01176
10.43 ]1-2.158 |-9.2110.01222
10.42 | -2.010 }-9.14]10.01221
10.35]1-1.514 | -6.8110,01212
10.36 | -1.613 |-6,.73]0.01213
‘ 9.61 | -2.251 |[-4.95]0.01126
9.71 | -1.967 |-4.9510.01138
8.50 | -3.382 |-3.08]0.00996
8.47 | -3.365 [-2.99]0.00992
10,16 | -2.572 |[11.00(0.,01190
10.12 | -2.558 |10.73]10.01185
10.47 | -2.190 7.4510.01226
10.52 | -2.063 7.3310.01232
10.30 | -2.250 5.1810.01206
10.23 | -2.334 5.1310.01199
9,36 | -2,433 3.4510.01097
9.29 |-2.262 3.42 10.01088
36 11688.4 {927.5 [2.00| 4.691 9.59 |-2.905 112.26]0.01351 [0,117
9.65 |-2.872 }12.1910.01360
11.15 }-1.747 |-8.15|0.01571
11.19 |-1.822 {-8.1210.01577
11.87 |-1.203 |-6.49]0.01672
11.95 [-1.076 |-6.480.01684
12.12 |-1.000 |-5.54]0.01707
12.03 [-1.236 |-5.411]0.01695
12,13 |-0.909 |-4.78]10.01708
12.20 {-0.926 |[-4.59|0,01719
. 12,13 |-1.145 |-4.08 (0.01708

P * 7
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Launch Escape Vehicle, Center Line of Gravity,
‘ Without Strakes (Cont)

Re/ft Cmq +
Run Vo 9o Mo -6 f Cma 0 wd/2Vw at
x10 x(~1)
Unit
ft/ sec lb/ft2 Reynolds|cyc/sec| 1/rad |=* deg rad deg
Number
36 | 1688.4 927.5 12.00(| 4.691 12.12 | -1.096 -3.9210.01707 [-0117
11.96 | -1.389 -3.37{0.01685
11.85 | -1.333 -3.26]0.01670
11.88 | -1.118 | -2.76|0.01673
10.10 | -2.278 12.04) 0.01422
10.16 | -2.408 11.89{ 0.01431
11.39 | -1.254 8.94| 0.01605
11.50 | -0.968 8.90( 0.01620
11.88 | -0. 754 7.78] 0.01673
11.99 | -0.696 7.67]0.01689
12.22 ] -0.991 6.82| 0.01721
12.08 | -0.912 6.79] 0.01702
12.19 | -0.832 5.9510.01718
. 12.09 | -1.076 | 5.85]0.01703
12.03 | -1.241 5.101 0.01695
12.18 | -0.705 5.09] 0.01716
11,94 [ -1, 321 4,37 0.01682
11.92 | -0. 967 4,291 0.01680
11.90 | -1.323 3.60|0.01677
11.79 | -1.379 3.55}0.01661
11,77 {-1.192 2.95(10.01658
11.71 | -1.299 2.88] 0.01650
37 [1410.9 895.8 |1.50]| 4.487 9.54 |-1.192 [-12.30] 0.01608 0.963
9.60 | -1.346 }-12.14]0.01618
10.70 | -0.778 |-10.03]{0.01804
10.78 | -0.754 -9.7710.01817
11.26 | -0.605 -8.78]0.01898
11.30 | -0.724 -8.50}0.01906
11.59 | -0.467 -7.92|0.01953
11.80 | -0.562 ~-7.5310.01989
11.94 | -0.411 -7.27(0.02013
12.02 |[-0.291 | -6.93|0.02027
12.10 | -0.394 | -6.72] 0.02040
12.09 | -0.407 -6.47] 0.02039
12.29 | -0.757 -6.06]0.02072
. 12.30 | -0.605 -5.891 0.02074
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Launch Escape Vehicle, Center Line of Gravity,
Without Strakes (Cont)

Re/ft Cmgq +
Run Vo qdo Mo -6 f Cma - 6 wd/2Vo ot
x10 x{(-1)
Unit
ft/sec | 1b/ft? Reynoldslcyc/sec| 1/rad |* deg rad deg
‘ Number
37 1410.9 | 895. 8 1.50]| 4. 487 12.42 | -0.595 | -5.29| 0.02094 [0.965]
12.44 | -0.554 | -4.98] 0,02097
12.39 | -0.738 | -4.70] 0.02089
12.43 | -0.372 | -4.55] 0.02095
12.44 | -0.705 | -4.13) 0.02098
12.48 | -0.930 | -4.05| 0.02103
12.30 | -0.637 | -3.6510.02074
12.25 | -1.001 | -3.,43] 0.02066
11.81 ] -1.582 ] -3.02|0.01991
9.83 | -1.273 | 11.69]0.01658
10.00 | -1.428 ]111.29}0.01686
10.88 | -0.909 9.40) 0.01834
10.92 | -0.816 9.03}10.01841
11.38 | -0.776 8.0910.01919
11.44 | -0.772 7.79]10.01929
11.69 | -0.541 7.22]10.01971
11.89 | -0.594 6.86] 0.02005
12.16 | -0.876 6.12] 0.02050
12.18 | -0. 656 5.82]0.02053
12.31 | -0.612 5.36[0.02075
12.31 | -0.778 5.1310.02076
12.50 | -0.507 4,71]10,.02108
12.43 | -0, 587 4.5410.02095
12.38 | -0.439 4.3010.02088
12.39 | -0.945 3.9710.02089
12.44 | -0. 489 3.9310.02098
112.45 | -0.798 3.49]0.02099
12.45 | -0.787 3.4010,.02099
12.18 | -0.979 2.91]10.02054
12.16 | -1.553 2.8710.02050

-6 - SOONITERT

SID 64-1015




